A strengthened pressure cylinder for piston/cylinder devices is presented for use in angle-dispersive high-pressure neutron powder diffraction. It is shown that these cylinders, manufactured from Ti 52 /Zr 48 zero-scattering alloy and strengthened by the shrink-®t method, allow the extension of the accessible pressure range of the Kiel±Berlin Cell I to 22 kbar.
Introduction
One of the most crucial parts of piston/cylinder-type pressure cells, introduced by McWhan et al. (1974) , is the pressure cylinder surrounding the sample can. For pressures above 14 kbar, supported Al 2 O 3 cylinders have turned out to be very successful up to 35 kbar (Walther, 1984) . Since the incident and the diffracted neutrons have to pass through the pressure cylinder, the diffraction patterns may be strongly contaminated by Bragg re¯ections from the cylinder material. This is usually not a serious problem for inelastic and quasi-elastic scattering experiments. Also diffraction experiments on magnetic structures do not suffer from this problem since the angular range of interest is usually restricted to low diffraction angles.
High-pressure powder diffraction experiments at time-ofight neutron scattering instruments take advantage of the 90 scattering geometry in which contributions from the pressure cell to the diffraction pattern are avoided (Hull et al., 1997) . In contrast, angle-dispersive powder diffraction experiments are strongly in¯uenced by scattering contributions from the sample environment. In unfavourable cases the intensities of the Bragg re¯ections of the sample are of similar size to the counting statistics of the peaks from the surrounding pressure cylinder. Hence, it is almost impossible to subtract this contribution from the diffraction pattern.
The use of the zero-scattering alloy Ti 52 /Zr 48 can overcome the problem of strong coherent scattering from the sample environment; however, this is at the cost of increased incoherent scattering which contributes to the background. Since Ti/Zr cylinders allow the collection of data suitable for crystal structure re®nement this material was ®nally chosen for use with the heatable high-pressure Kiel±Berlin Cell I (Knorr et al., 1997) . Unfortunately, the highest attainable pressure was limited to about 12 kbar for Ti/Zr cylinders with an inner diameter of 7 mm and an outer diameter of 22 mm. Higher loads on the hydraulic system result in entirely plastic deformation (at least in the cylindrical part of the cell) without further increase of the sample pressure. Dawson (1977) proposed two methods to strengthen the pressure capability of cylindrical vessels: (i) shrink ®tting of two or more cylinders and (ii) autofrettaging of a mono-bloc cylinder. Sadykov et al. (1995) mentioned strengthening of Ti/ Zr cylinders by different loading and pressing. This technique, which is similar to method (ii) of Dawson (1977) , allowed experiments above 20 kbar.
Design of the strengthened cylinders
In this paper, the use of the ®rst method is described. The construction principle is presented in Fig. 1 . Two cylinders were constructed such that the inner diameter of the outer cylinder (jacket), which has a wall thickness of 5 mm, is 0.06 mm smaller than the outer diameter of the inner cylinder (liner), which has a wall thickness of 4 mm. The outer diameter of the jacket is 25 mm. The jacket was positioned over the liner using a hydraulic ram. Conical faces at both sides allow the cylinder to be clamped by reinforcing rings. The bore hosts the cylindrical sample container (7 mm diameter) and the WC pistons.
An increase of the elastic pressure capability is possible since the jacket acts on the liner by a compressive load that is overlaid by a tension load under working conditions, due to the pressure caused by the sample. For the liner as well as for the jacket a three-dimensional stress distribution has to be taken into account. Therefore, comparative stresses, considering tangential, axial and radial stresses, were calculated. The dimensions of the cylinder were chosen based on the von Mises criterion (shape-modi®cation energy hypothesis) such that the load on the jacket material is elastic at ambient pressure.
The method described here should allow the sample pressure to be increased to about twice the pressure capability of a mono-bloc construction with the same overall dimensions (Dawson, 1977) . For the present case the entirely plastic state and the bursting strength of a mono-bloc cylinder were estimated to about 8 and 10 kbar, respectively. 
LABORATORY NOTES
3. Test of strengthened cylinders Fig. 2 displays a load versus pressure curve for a strengthened cylinder of the Kiel±Berlin Cell I. The data were collected at the two-axis multicounter diffractometer E6 at the BER-II reactor of the Berlin Neutron Scattering Center (BENSC) at the Hahn-Meitner Institute Berlin. Obviously, there is an almost linear increase in pressure to about 20 kbar. Up to 70 bar load on the hydraulic system, the load/pressure rela-tionship of the strengthened cylinder follows that of the monobloc cylinder (broken line) closely. Since plastic deformation at the bore starts at 3 kbar, the yield strength of the liner increases by work hardening. The offset at about 70 bar is not yet fully understood because of the complex geometry of the fully assembled pressure cell. Above 200 bar load a saturation of the sample pressure was observed. The cylinder probably undergoes entirely plastic deformation at this pressure. However, there are also indications that the WC piston reached the limit of its working path length due to the high compressibility of the KNO 2 /NaCl sample used.
An example of diffraction data collected using the new strengthened cylinder is given in Fig. 3 , which displays the diffraction pattern of a KNO 2 /NaCl mixture at a pressure of about 21 kbar. The data were measured at the BER-II reactor of the Hahn-Meitner Institute Berlin (instrument E6, wavelength ! = 2.4 A Ê , double-focusing pyrolithic graphite monochromator, 10 H in-pile collimation, oscillating radial collimator in front of the 200-channel BF 3 multicounter). The counting time was about 3 h per detector position. The intensity to background ratio for this monoclinic sample is about 2:1, but can be even better for samples having higher symmetry and larger scattering lengths of the involved elements. Since there is no major change in the dimensions of the cylinder in comparison to the mono-bloc design, the transmitted intensity of the primary beam should be similar as well. Knorr et al. (1997) determined values of IaI o = 0.31±0.47 for comparable mono-bloc geometries.
Summarizing, the accessible pressure range of the Kiel± Berlin Cell I has been nearly doubled by using strengthened cylinders in comparison to the mono-bloc design. The pressure can be continuously adjusted between 0 and 22 kbar while the sample is in the beam. The resulting diffraction data exhibit a reasonable signal to background ratio with the usual effort of beam time.
This work was partly supported by the German Federal Ministry of Sciences (BMBF) under contract DE3KIE. BA was funded within a collaborational project by the Hahn-Meitner-Institut. Fig. 2 . Hydraulic load versus sample pressure diagram for a strengthened Ti/Zr cylinder. The broken line corresponds to the load/pressure curve of a mono-bloc cylinder with the same dimensions. The pressure was derived from a lattice-parameter determination of NaCl. 
